The evolution of axisymmetric equilibrium shapes of a rotating liquid drop can be extended beyond the 2-lobed shape bifurcation point if the rotating drop is driven in the n=2. axisymmetric shape oscillation (perturbation), where n is the mode of oscillation. A reason for the extended stability of the perturbed rotating drop is that the inertia of the driven axisymmetric shape oscillation suppresses growth of a natural non-axisymmetric shape fluctuation which leads to the 2-lobed shape bifurcation. The axisymmetric shape of the drop eventually bifurcates into either a 2-or 3-lobed shape at a higher bifurcation point which is asserted to be the 3-lobed shape bifurcation point.
The shape evolution of a rotating liquid drop subjected to an increasing angular velocity (or momentum) has been a subject of long-standing interest since it is related to various phenomena ranging from atomic nuclear fission to planetary rotation [ 1 I. When a spherical liquid drop, held together only by surface tension, is rotated about a vertical axis, its shape evolves into a family of axisymmetric oblate spherical shapes. The gyrostatic equilibrium shape of the drop is determined by the force balance between the capillary force created by the surface tension of the curved drop surface and the centrifugal force. With increasing angular velocity, the drop is flattened more and more until a neutral stability point is reached (a bifurcation point). By employing a method of moments, Chandrasekhar [2] showed that a family of 2-lobed equilibrium shapes were most likely evolved from the axisymmetric shape family at this bifurcation point which was denoted G$ (- According to the Brown-Scriven analysis, the axisymmetric shapes 'beyond SZ, are unstable to small fluctuations in shape, which grow in time; thus, it seems impossible to experi.mentally observe the existence of C& and SL,. On the contrary, one of the present authors (E. Trinh) has observed the "bed shape bifurcation using an apparatus similar to the Plateau apparatus. As a proof of his observation, a photo of the 3-lobed drop is shown in Figure 1 without describing details of the experimental procedure. This observation was made possible by rapidly increasing the angular velocity of the shaft passing through the 2-lobed bifurcation point. The differential flow inside of the drop prevented the 2-lobed shape to develop before the angular velocity reached the 3-lobed bifurcation point. As is seen in the figure, the drop is not isolated but supported by the rotating shaft and the disc and its lobs are bent because of drag created by the host fluid. Applications of the same technique to an isolated drop levitated in gas environments have not been successful. As an alternative, we have come up with an idea to apply a perturbation which is favorable for axisymmetric shapes and allows us to maintain the axisymmetric shapes beyond @. In this letter, we report a technique which can suppress the 2-lobed shape bifurcation and maintain the axisymmetric shapes until the drop reaches a higher bifurcation point, and present evidence of 3-lobed shapes evolving at the higher bifurcation point. In general, the 3-lobed shapes could be maintained for tens of seconds but they subsequently evolved into the 2-lobed shapes. When the modulation was turned off, the 3-lobed shape immediately evolved into a 2-lobed shape. When the acoustic torque was gradually reduced, in some occasions, we observed that the 2-lobed shapes evolved into the 3-lobed shapes and then the axisymmetric shapes. We tried to form the 4-lobed shapes by extending the axisymmetric shape beyond Q, but have not succeeded yet.
We have shown that a rotating liquid drop can maintain the axisymmetric shapes beyond SL, if the drop is perturbed by the axisymmetric n=2 shape oscillation because the driven perturbation prevents the 2-lobed shape bifurcation. However, the drop eventually reaches q, and bifurcates into either the 2-lobed shape or the 3-lobed shape. Although the shape evolution diagram of initially flattened drops is different from that of spherical drops, we can reasonably assert that SL, corresponds to SZ, of spherical drops because its relative position with respect to SZ, is comparable to that of the theoretical curves. Lee et al. [12] have analyzed the 2-lobed bifurcation point of the initially flattened drops and have shown that G& shifts toward lower angular velocity as the initial aspect ratio of the drop increases. 
